ABSTRACT
INTRODUCTION
Malaria spreads by sporozoa of the genus plasmodium and is well known as an infectious lethal disease. Sometimes it causes death if the medicine is not given in time. The main symptom of malaria is periodic fever, anemia, and enlargement of the liver and spleen. Millions of new clinical cases are being reported with a high percentage of fatalities among children in the tropical and subtropical countries of Asia, Africa, and South America [1] .
Only a limited number of drugs can now prevent and cure malaria. One of them is artemisine [2] [3] [4] . Also few potentially antimalarial drugs are used as chemotherapeutics which are (i) quinoline derivatives, e.g., primaquine, chloroquine, and mefloquine [5] , and/ or (ii) simple sulfonamides, e.g., sulfadoxine [6, 7] , pyrimidine derivatives; pyrimethamine [8] .
For in vitro testing of the antimalarial activity the clones of P. falciparum are most often used. They 1*. D. Thakur, Department of App. Sc., People's University, Bhopal, India. e-mail :youvisitdilip@gmail.com 2. Vandana Khatod, PGV College, Gwalior, India. e-mail : vandanakhator011@gmail.com 3. C.D. Asthana, PGV College, Gwalior, India. e-mail : asthanac1751@gmail.com 4. S. Thakur, KKITM, Gwalior, India. e-mail : thakurshivakar47@gmail.com include: (i) Sierra Leone (D6), Thailand (Thai), and NF54 clones, which are mefloquine resistant and chloroquine sensitive. Likewise (ii) Indochina (W2), and Colombia (FcB1) clones are chloroquine resistant, but mefloquine sensitive.
Pharmacophore search method is very common for synthesis of new compounds. Grigorov et al. [1] correlated the antimalarial activity of a series of synthetic 1,2,4-trioxanes with molecular structure using this technique for which they have used CATALYST package. [9] Girone´s et al. studied the application, within a quantum similarity framework, of the kinetic energy based quantum similarity measures in the evaluation of the antimalarial activity. The authors used two molecular sets composed of artemisinin derivatives, in which the 50% inhibition of synthesis and reduction of hidrofolate (IC50) in different P. falciparum clone were analysed. Satisfactory correlations were obtained for all antimalarial activities in all the studied molecular sets. Four-parameter QSAR models that relate IC50 (NF54 clone, r = 0.754) and logIC 50 (D6 clone, r = 0.767, and W2 clone, r = 0.821) with the principal components (PCs) were proposed by the authors to be used for the prediction of antimalarial activity. The authors observed that the PCs accounting for the maximal variance are not always those best related to the activity.
The data set based on the D6 strain of P. falciparum consisting of 57 organic compounds has been taken from four literature sources [1] [2] [3] [4] . The structures used in the present study are presented in Table- 1 along with their log IC50 (nM) values. The structures have been drawn using Chemsketch software developed by ACD labs.
METHODOLOGY USED
The mol files have been obtained by depleting all the carbon-hydrogenbonds using the chemsketch software [5] , then DRAGON software [6] was used for calculating a variety of descriptor, from which useful descriptors are selected by variable selection. Then multiple regression analysis employing statistical significant models were obtained using NCSS software [7] having maximum R2 value [8] . The data set is divided into training set (75%) and test set (25%) using random selection technique. The following parameters are found to be useful for performing multiple regression analysis. All the values of these descriptors along with log IC50 arereported in Table- 2.
The correlation matrix calculated for different parameters and also for activity is reported in Table-3 . A perusal of this Table reveals that no autocorrelation exists among any of the parameters and hence they can be used in multi-parametric modeling without any further explanation. The data is divided into training set and test set by random selection method and then subjected to regression analysis using NCSS software and the results obtained for variable selection for multiple regression analysis are summarized in Table- 4. The regression parameters and the quality of regression for statistically allowed models are presented in Table- 5.
RESULTS AND DISCUSSIONS
The statistical details suggest following models: ; F is the Fisher's ratio and Q is the Pogliani's quality factor [9] which is the ratio of R/Se. However, this model explains only 75% of variance.
One-Parametric Model

Two-Parametric Model
When SpMin1_Bh(s) is added to above model a bi-parametric model is obtained with improved statistics (Table-5 changes from 0.5919 to 0.7313 suggesting that added parameter has its fair share in the model.
Three-Parametric Model
The Q value also changes from 1.583 to 2.003 suggesting that the three parametric model is the best for modeling log IC 50 (Table-5 ) on addition of each variable indicates that added parameters have favourable contributions to the proposed models. The lowest values of SE and also highest value of F-ratio and Q-value further confirm our findings.
Further, conformation is also obtained by estimating log IC 50 using the above model. The obtained values are reported in Table-6 . The estimated values are in good agreement with the observed value suggesting that this model is the best. We plotted a graph between observed and estimated pIC 50 values using this model such a comparison is shown in Fig.1 . The predictive power of model comes out to be 0.5525.
The proposed models were validated by the leaveone-out cross validation procedure and the parameters obtained thereby are reported in Table-7 . PRESS (predicted residual sum of squares) appears to be the most important cross validation parameter accounting for a good estimate of the real predictive error of the models. Its value less than SSY (sum of squares of response value) indicates that the model predict better than the chance and can be considered statistically significant. In our case PRESS << SSY indicating that all the models obtained are statistically significant. The ratio PRESS/SSY, can be used to calculate approximate confidence intervals of prediction of new compounds. To be a reasonable and significant QSAR model the ratio PRESS/SSY should be less than 0.4 (PRESS/SSY <0.4) and the value of this ratio smaller than 0.1, indicates an excellent model. A close observation of Table-7 shows that all the models have the PRESS/SSY ratio more or less or nearer to 0.1, indicating that all the proposed models have best predicting capacity. R In order to explain whether or not the proposed models are free from collinearity, we have calculated the VIF (variance inflation factor), Eigen values (ëi), condition number (k), tolerance (T) for all the independent parameters used in the proposed models and the same are recorded in Table- 8. The parameters whose VIF value is greater than 10 will show collinearity. A perusal of Table-8 shows that in all the cases VIF values are less than 10, which means that all the proposed models reported by us are free from the defect of collinearity. Similarly if ëi, (Eigen value) is found to be greater than 5 then the model will suffer from collinearity. The Table-8 shows that for all the parameters ë i is less than 5. Therefore, from this point of view also, proposed models are free from the defect of collinearity. Another test for collinearity is condition number if its value is found to be >100 and then the collinearityexists but the values reported in Table-8 indicates that the values are always <100. Similarly Tolerance value equal to 1 or less indicates absence of collinearity. Table-8 indicates that all the above mentioned parameters or models discussed in the study are free from defect of collinearity. The ridge traces are recorded in Fig.2 and Fig.3 respectively. 
CONCLUSION
On the basis of the obtained results we have made the following conclusions:
The best model obtained suggests that the NRS, 2D autocorrelation descriptors and Burden eigenvalues play important role in prediction of biological activity of present set of compounds. 1. Negative coefficient of NRS suggests that number of ring systems plays a dominant role in deciding the antimalarial activity of present set of compounds. Therefore, in designing the new compounds, the structure be modified in such a way so as to get a lower value of NRS (less number of rings).
Both Burden eigen value(SpMin1_Bh(s)) and
Moran auto correlation (MATS4e) have Positive coefficients, therefore molecules having high value of Burden eigen values and MATS4e should be preferred in designing new compounds to get better activity. 3. Negative coefficient of MATS5m suggests that lower value of MATS5m will enhance the activity. 
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